Structure and function of the hairpin ribozyme.
The hairpin ribozyme belongs to the family of small catalytic RNAs that cleave RNA substrates in a reversible reaction that generates 2',3'-cyclic phosphate and 5'-hydroxyl termini. The hairpin catalytic motif was discovered in the negative strand of the tobacco ringspot virus satellite RNA, where hairpin ribozyme-mediated self-cleavage and ligation reactions participate in processing RNA replication intermediates. The self-cleaving hairpin, hammerhead, hepatitis delta and Neurospora VS RNAs each adopt unique structures and exploit distinct kinetic and catalytic mechanisms despite catalyzing the same chemical reactions. Mechanistic studies of hairpin ribozyme reactions provided early evidence that, like protein enzymes, RNA enzymes are able to exploit a variety of catalytic strategies. In contrast to the hammerhead and Tetrahymena ribozyme reactions, hairpin-mediated cleavage and ligation proceed through a catalytic mechanism that does not require direct coordination of metal cations to phosphate or water oxygens. The hairpin ribozyme is a better ligase than it is a nuclease while the hammerhead reaction favors cleavage over ligation of bound products by nearly 200-fold. Recent structure-function studies have begun to yield insights into the molecular bases of these unique features of the hairpin ribozyme.